IT is not the purpose of this paper to formulate a general theory of narcosis. Many attempts in this direction have been made, among others, by Max Verworn and Ralph Lillie. In recent papers Winterstein considers that a process of adsorption takes place between the narcotic substance and the cell-proteins or cell-colloids. This causes a reversible decrease in the permeability of the cell-surfaces for water and soluble cell-constituents, producing a diminution of the excitability which is associated with the conditions existing in the normal permeability of cells. The experimental facts are then re-stated as an explanation, or rather, they are put forward as a theory of narcosis.
of producing anesthesia-the whole metabolism of the body is profoundly affected, the temperature steadily falls, and 
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When a low percentage is inhaled, an enormous quantity of chloroform can pass into and out of the body without producing any obvious effect except a fall of temperature. In this respect its action closely resembles alcohol, which was demonstrated by Tarchanoff to impede growth and check the development of the excitable sensori-motor regions of the cerebral cortex. Certain experiments were carried out for a period of five months on kittens of the same litter and of equal vigour. Some of the animals formed a control while the others were anmesthetized twice a day up to the stage where the corneal reflexes disappeared; these showed a definite retardation of growth which was estimated by weighing. Subsequent to this treatment the animals exhibited increased metabolic activity, and their rate of growth during this period more than compensated for the retardation of growth during anesthetization (Schapiro).
Since in the higher animals arterial blood is the vehicle by which chloroform is taken up from the surrounding medium, and a definite solution pressure of the drug must be attained before anoesthesia occurs, the relations which may exist between blood and chloroform have been Section of Anesthetics between blood and chloroform was first definitely given by Benjamin Moore and Roaf, though numerous observers, such as Pohl, Waller, Wells and Vernon Harcourt, among others, had recognized with what tenacity chloroform is held by the blood, and how difficult it is to recover the drug from the blood. In Waller's experiments only 0'014 grm. of chloroform could be recovered out of 0'108 grm. which the blood contained. We shall subsequently show, however, that, provided the extraction of the blood gases in chloroform aneesthesia is carried out in a very perfect vacuum, the entire quantity of the drug can be recovered as vapour with the evacuated blood gases.
It is well known that of the three gases which exist in blood the amounts of oxygen and carbon dioxide taken up are not proportional to the pressures exerted by these gases; in other words, their absorption does not follow the Dalton-Henry law. The question whether chloroform is or is not taken up by blood according to this law has never been experimentally tested. Since in any given mixture of air and chloroform there exists a definite chloroform vapour pressure, the value of this in air and chloroform at the anesthetizing value of 2 per cent. is about 8 to 10 mm. of mercury, and this was the value observed by Paul Bert. The evidence given by the experiments of Moore and Roaf, who measured the vapour pressures of chloroform in water, serum, and haemoglobin solutions of equal strength to the percentage of this pigment in the blood, indicates that the curves of pressures and concentrations in the case of serum and heemoglobin are such that chloroform cannot be absorbed according to the Dalton-Henry law, but that, like oxygen and carbon dioxide, the drug is associated with sqome substance, probably the blood-proteins. However, this fact is not easy to determine except at vapour pressures of chloroform which were much in excess of the vapour pressure of a mixture of air and chloroform at the anoesthetizing value. Unlike blood, the absorption of chloroform by water or solutions of sodium chloride does, as might have been expected, follow Henry's law, so that when the experimental results are expressed graphically the absorption curve is a straight line.
The experimental work of J. Addyman Gardner and myself was carried out in 1905-12. This was undertaken subsequent to the researches which are incorporated in the Report of the Special Chloroform Committee of the British Medical Association. Our work exactly corresponds in time to the numnerous publications of Maurice Nicloux in the Comptes rendus.
None of our experiments are in accord with the view that chloroform is decomposed in the blood. That this should occur is extremely improbable. However Nicloux considers that as much as 50 per cent. of the quantity inhaled is decomposed within the body. Theories have been advanced that the anesthetic state is due to the abstraction of oxygen from the blood by chloroform. But, since the actual amount of chloroform in the blood can be accurately measured, the amount of oxygen whiqh might be abstracted in this way can be calculated, and the amount could produce no symptoms at all, except in so far as the oxidation products might produce narcosis. Of this there is no experimental evidence. The destiny of chloroform in the blood is to be almost entirely exhaled. If any amount of it is oxidized in the tissues this might explain the increased output of chlorides in the urine after chloroform narcosis; but these are increased, though not to the same extent; after aniesthesia by ether. Some observers, Wagener, Thiem and Fischer, state that chloroform as such can be recognized in the urine. This amount therefore must be unoxidized. In our opinion chloroform remains undecomposed within the body.
We have repeated the work of Desgrez and Nicloux. These observers found a combustible gas in the blood of normal dogs. This was augmented in chloroform narcosis; as much as 6,9 c.c. of carbon monoxide was found in 1,000 c.c. of blood, and considered to arise from the decomposition of chloroform within the body. We have never found any carbon monoxide in the blood of normal or aneasthetized animals, though the chlorofOrm when present is easily obtained as vapour by the blood-pump. As much as 4,1 c.c. chloroform vapour at 0°a nd 7600 pressure, equal to 41'9 mgr. of chloroform, is frequently found. This vapour mixed with the blood gases yields carbon monoxide during the analysis of the gases with potash according to the following equation:-2 KHO + CHCls = 2 KC1 + H20+HCI+CO.
In the experiments of Desgrez and Nicloux the blood gases and chloroform vapour were passed first through a U-tube containing potash and then analysed for carbon monoxide by the method of Rabourdin, in, which solid iodic anhydride at 150°C. is decomposed with the liberation of iodine by carbon monoxide. In their experiments we are convinced that the carbon monoxide found to be present is actually manufactured by their method of procedure. In no single case have we found a trace of carbon monoxide, though this gas is easily recog-Section of Anasthetics nizable in much smaller quantities than what is stated to be present as the result of a decomposition of chloroform within the body.
Our determinations of the anaesthetic and lethal quantities of chloroform in narcosis were carried out on cats and dogs. The experiments in all reach several hundreds and the results can only be fairly criticized when full details of the experiments are given, but for obvious reasons it is not possible to do so in this paper.
It is sufficient to say that the initial experimental procedtfre was done under ether or nitrous oxide. The animals were kept warm at the normal temperature. One important and essential detail must be given. We realized, what is in fact true for a very Jarge number of physiological experiments on the circulation and respiration, that the dorsal position of an animal is a highly abnormal one; in our experiments the animal was frequently changed from side to side. We are satisfied that an experiment may give absolutely fallacious results if this precaution is not taken. The blood corpuscles of cats easily sink in plasma, and there is a large area of the lung which is completely choked with a sediment of corpuscles if the dorsal position is long maintained. Such an animal respires with a diminished lung surface which may be estimated at a quarter to even a half of the normal.
In all our experiments we never lost a single animal by accident. This result we attribute to the precautions taken, and to the fact that the administration of the anesthetic was continuous throughout at a definitely known percentage, though at the time we were unacquainted with the views held by A. Goodman Levy on this matter.
The amount of chloroform in the blood was estimated by the method of Carius, which is the one generally employed for the determination of a halogen in organic compounds. The method yields results of great accuracy. The destiny of the inhaled chloroform is traced by its chlorine. The blood during ancesthesia therefore contains an excess of this element. When ether is used it was found in numerous control experiments that the percentage of chlorine in the blood remained sufficiently constant throughout a prolonged experiment. Therefore our method of research, an entirely new one, possesses the required accuracy.
The A nasthetic and Lethal Quantities of Chloroform in the Blood. -When the different methods which have been used to determine the lethal dose of chloroform are considered, there is fair uniformity in the results. We took two points in the narcotic state: loss of :20 Buckmaster: Physiology of Anesthesict by Chloroform conjunctival reflexes, this is the anaesthetic quantity, and the convulsive respirations, which is the lethal amount. Our conclusions are given in the following From these figures, which are in fair agreement, especially for the lethal dose, it would seem that the quantity of chloroform required to produce various stages of aniesthesia are somewhat higher in dogs than in cats. In tdais series of experiments we noticed that the body-weight of an animal is without influence on the percentage of chloroform in the blood necessary to produce anesthesia. Also an examination of the curves in our paper shows that the rate of induction of ansesthesia varies for different individuals. Lastly, a narrow margin exists between the quantity of chloroform in blood during complete surgical ane3sthesia, and that required to abolish respiration. In all our experiments, without exception, the cessation of respiration preceded cessation of the heart-beat. The death was an asphyxial process.
The Rate of Assumption of Chloroform by the Blood. -To investigate this question ten or twelve small samples of blood were removed from an artery during the progress of anesthesia. From the data of the chloroform content curves were constructed. In all of these the same general features were seen. In the initial stages of aneesthesia at a time when the individual is conscious, the chloroform content of the blood rises with great rapidity to a value which approaches a maximum. During this period, which occupies the first few minutes, the first danger point in aneasthesia occurs, because the quantity of chloroform in the blood directly or indirectly affects the respiratory nerve-centres of the brain. In consequence of the respirations being slower and shallower, the amount of chloroform in the blood falls, but the fall is also due to the exit of the drug from the blood into the tissue-cells of the body. When the animal has passed this first stage, the amount of chloroform again quickly rises towards a maximum value, and an equilibrium between the factors which determine the amount of chloroform in the blood appears to be obtained, the processes of intake and output of the anaesthetic at the surface of the lung going on side by side. In other words, a state of equilibrium is reached, which persists for a considerable period, and throughout this period the difference between the amount of chloroform present in the blood and what is found at the lethal point is very minute. The state is far from one of safety, and the animal may suddenly die at any moment should any disturbing factors come into play. The whole of this period is a danger period. In the experiments quoted the percentage of inspired chloroform was maintained constant, but it is probable that the contention of those anmesthetists who have insisted that after anesthesia has been established this can be and should be maintained with a much smaller amount of chloroform vapour, rests upon a sound basis.
The Rate at wvhich Chloroform is eliminated from the Blood after Anawsthesia.-These experiments fall into several groups. In some, samples of arterial blood were taken; in others, of venous blood. The most interesting were those in which samples of arterial and venous blood were taken simultaneously. The main conclusion which can be drawn from these experiments is that the rate of elimination of the drug from the body, via the blood, depends 'upon the physiological state of the individual animal. The rate of loss is at first comparatively rapid, and subsequently becomes slower. But the initial rates of elimination are much less rapid than the initial rates of the intake of chloroform, and, on the whole, elimination is a much slower process than assumption, a view which is supported not only by the actual determinations of chloroform in the blood but by a comparison of the times at which various reflexes disappear and reappear. From our curves the initial falls are not quite so rapid as the work of other observers had led us to suppose. The chloroform-content of the blood was only reduced by 50 per cent. in fifteen to twenty minutes; threequarters of the chloroform was eliminated in about half an hour.
These statements hold good when the animal is breathing naturally, but, as might have been expected, the extent to which the lung is being ventilated during any period is the chief, if not the only, factor which determines the rate of elimination. We may mention than an animal may walk about after anesthetization with as much as 10 mgr.
of chloroform in 100 c.c. of blood. It appears in all respects as a normal animal.
Function of the Red Cor?puscles Itn Anwsthesia.-It was originally suggested by Schmiedeberg that the red corpuscles were the chief vehicle in the transport of chloroform from the lungs. This view was confirmed by Pohl's experiments in 1890. Nicloux, in 1906, used centrifugalized oxalated blood removed from a vein, and recovered 64-4 per cent. of the chloroform in blood from the red corpuscles and 13'3 per cent. from the plasma. His figures for the distribution of chloroform among the constituents of the blood are much below those of Pohl, who had stated that 87 to 90 per cent. of the total chloroform was held by the red corpuscles; in other words, the chloroform-holding power of the corpuscles is seven to eight times that of the plasma. Our experiments in connexion with this question proved to be exceptionally difficult. Our conclusions, that chloroform is very firmly held by the blood of an anesthetized animal, are in accord with all other observers. But it was also found that chloroform primarily associates itself with the red corpuscles and does not enter the plasma to any marked extent unless the ansesthesia is pushed to an extreme degree, or a chloroform and air mixture is administered with a high percentage of the drug. At the period when the reflexes disappeared the percentage of chloroform in the red corpuscles was found to be 64'3 per cent.; in other cases 71,1 per cent., and after the inhalation of 2 per cent. chloroform for three-quarters of an hour no less than 98'5 per cent. of the anesthetic was held by the red corpuscles.
In order to obtain additional proof that the red corpuscles, as would seem to be the case from the above experiments, are the essential vehicles for the carriage of chloroform, we argued that if the view was correct that the transport of chloroform was a function of the red corpuscles, then, though the absolute amount of chloroform present in the blood might be modified by abstracting or adding blood from or to an animal, the percentage of chloroform ought to remain constant.
The general plan of the experiments was to ansesthetize an animal with etheror nitrous oxide, allow the ansesthetic to be disengaged from the body, and then administer a known percentage of chloroform. The determination of the amount of the drug in the blood was made at the asphyxial point. In one hour or an hour and a half all the anesthetic was eliminated, and during this period a measured amount of blood was abstracted'and the experiment repeated. In other experiments the amount of chloroform present was determined in the same animal before hsemorrhage, after hsmorrhage, and after the replacement of the blood which was furnished from another animal in such quantity as to augment the original volume of the blood by one-third to one-half.
The general results of all the experiments will now be detailed. From the above it would appear that the conclusion is justified that the percentage of chloroform in the blood does not undergo any variation corresponding to differences in the volume of the circulating blood, and this is what was to have been expected if the red corpuscles were the essential agents for the transport of chloroform. It may be considered in the highest degree probable that the anesthetic is associated with the proteins of the corpuscle, but the experiments gave no clue as to whether it is the hfemoglobin or other cell-proteins which actually pick up the drug.
Composition of the Blood Gases in.Chloroform Anmesthesia.-Little attention has been paid to the changes in composition of the blood gases in anesthesia, in spite of the well-known fact that, as the various stages of anfesthesia by chloroform which are clinically recognized succeed one another, the aspect of arterial blood to the naked eye becomes progressively venous in character. This change in colour must be due either to an altered ratio of oxyhaemoglobin to reduced haemoglobin, or to changes in form of the red corpuscles, which in consequence reflect different amounts of light to the eye, as the observations of Harless in 1846 showed to be the case when blood outside the body was saturated with oxygen or with carbon dioxide gas. In our experiments a specially constructed blood-gas pump was used. This was made without taps, and a very perfect vacuum obtained by employing a side-chamber containing cocoa-nut charcoal, which was surrounded with liquid air. A number of experiments on the gas-content of the blood of normal cats served as a control. In the evacuation of the blood gases of an anfesthetized animal the chloroform can be recovered as vapour with an efficient pump, and its-amount determined. A fewexamples may be given of arterial blood: The composition of normal cat's blood compared with that of other animals in different stages of anesthesia: (1) when the reflexes re-appear after anaesthesia ; (2) when the reflexes just disappear;
(3) during the anasthetic state; is given in the following We found that in slightly ancesthetized animals, and in those completely anfesthetized, that the gas-content of the blood was augmented by an amount of 102 and 26'2 per cent. respectively. This increase is almost entirely due to an augmented amount of carbon dioxide gas. But apart from this, the darkened colour of blood in chloroform narcosis is due to an actual diminution in the amount of oxyhfemoglobin. The fall in the oxygen content of the blood is well marked, even at the point where the reflexes disappear. During the aniesthetic state the reduction is 40 per cent. The hiemoglobin is therefore only partially saturated with oxygen during narcosis, indeed to the extent of 60 per cent. The blood of the normal cat, on the assumption that the alveolar air contains 14 per cent. of oxygen, should be saturated to the extent of 90 per cent., the oxygen tension being equal to 99A49 mm. Hg. But during narcosis the hoemoglobin is in the same state of partial saturation that it would be with an oxygen tension of only 45'5 mm. Hg. It is known that chloroform is associated with the red corpuscles, and outside the body aggregations of haemoglobin and chloroform have been described by Moore and Roaf, and by Edie. Some of these are said to possess distinctive spectra. It is therefore probable that the fall in oxygen content of the blood in chloroform narcosis is due to direct interference with the oxygentransporting property of the red corpuscles. Ventilation of the Lung during Chloroform Narcosis.-This subject stands in close relation to the experiments which have just been described. Based on experiments made by J. Tissot, the view is expressed in the Report of the Chloroform (Committee of the British Medical Association in 1910, that the blood retains unimpaired up to the time of death its normal capacity by absorbing oxygen, and that if the amount of this gas diminishes in the blood, the decrease is solely due to the slowing of the respiration. From our experiments we were unable to agree with this view. As a matter of fact no single experiment had ever been made on the ventilation of the lungs. The ordinary methods of recording respiratory movements are quite useless for this purpose.
We have used a plethysmograph similar in principle to that employed by Haldane and Boycott in their studies of the lung ventilation in man. The ventilation of the lung was investigated during narcosis with chloroform and during narcosis with ether. With unimpeded respiration under anaesthesia by chloroform, we found the ventilation of the lung takes place at a lowered level. The total exchange of gases between the animal and the atmosphere is diminished in amount and this continues throughout the whole period of anaesthesia. During narcosis the lung-ventilation is diminished in the first three minutes by an amount of from 30 to 80 per cent.; the average is almost 60 per cent. of its original value. This lowered level of respiration, as our blood-gases analyses have shown, results in a marked diminution of oxygen in the blood. Whether this is due to the chloroform or the diminution of respiration was decided by plethysmographic records taken under ether. It was found that a change in the ventilation of the lung took place, which fell from 1,058 c.c. per minute to 657 c.c. Thig is a diminution of 62 per cent., but it had no effect whatever on the oxygen content of the blood. The experimental evidence therefore enables us to conclude that the diminution of oxygen-content in the blood in chloroform narcosis is dependentupon the action of the drug upon the red corpuscles. These, therefore, are carriers for oxygen and carriers of chloroform vapour. Recently, evidence has been given that these also play an essential part in the transport of carbon dioxide from the tissue-cells of the body.
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The Composition of the Gases of the Blood in Chloroform Anesthesia," Journ. of Physiol., 1910, xli, pp. 246-262 . Composition of the Blood Gases during the Respiration of Oxygen," Proc. Roy. Soc. Lond., 1912, B, lxxv, pp. 56-64 . "Ventilation of the Lung during Chloroform Narcosis," Proc. Roy. Soc. Lond., 1911, B, lxxiv, pp. 347-372. "The Nitrogen Content of Blood," Journ. of Physiol., 1912, xliii, pp. Captain C. T. W. HIRSCH:-I should like to have heard from Dr. Buckmaster a plea for the greater use of chloroform as an anesthetic. The one point which struck mne was his observation that oxygen given with that antesthetic did not improve the percentage of oxygen in the blood. I have given considerably over 8,000 chloroform anesthetics at the Royal Herbert, King George, and Military Orthopedic Hospitals. In all it was given with the percentage inhaler I showed at a meeting 'here some two years ago, and in most oxygen was given at the same time, with the result that the patient was always of a good colour and not in any way cyanosed. If there * was bleeding it was distinctly "republican," and not in any way "patrician." I attribute this to the oxygen I used with the anesthetic. Dr. A. G. LEVY: A number of researches have been carried out on this subject, but the late Dr. J. H. Wells' has alone made observations upon the blood of patients who died under the influence of chloroform. His method was not so accurate as that of Buckmaster and Gardner, but his results in this series were striking. Out of samples of blood from seven patients only three contained chloroform in estimable quantities, and the average quantity in these three estimations was less than one-fourth of the average found in the blood of dogs fully anesthetized, and less than one-sixth of the average found in the blood of dogs at death. These experiments were not at the time considered sufficiently numerous to yield any very definite data, but I wish to point out that they are in entire agreement with my conclusions as to the conditions of death under chloroform, that is, that death occurs during light anesthesia, and is not due to an overdose. I am afraid I cannot accept Dr. Buckmaster's interpretation of a tracing he shows as tending to confirm Yandell Henderson's theory of respiratory failure under chloroform. It will be observed that the suspension of respiration occurs in the inspiration, and therefore cannot be due to a failure of the respiratory centre. In my opinion the temporary arrest of respiration is simply an expression of that holding of the breath which is such a common clinical experience during the induction of chloroform anesthesia. Dr. Buckmaster has reviewed many interesting matters, but there is ona subject to which he has not referred, and in which I am deeply interested. He has made no mention of the cause of death under chloroform, although we Millauro: New Foot-key for Gas Cylinders but the tracings have shown that it is exceedingly rare; and it is possible that the preliminary narcosis with nitrous oxide may account for it. A marked slowing of respiration in the early minutes is a feature of our curves, and, with the knowledge of the exceeding sensitiveness of the respiratory centre to minute changes in the blood, we have regarded this slowing as due to a direct effect upon the energy discharges of this centre. As this is the simplest, so is it the most probable, explanation. I am unwilling to say much about matters of which I have little experimental knowledge, and dislike guessing at causes for phenomena, since this leads not to knowledge but to error. As already stated, though we have lost no single animal accidentally, I have seen many deaths during the early stages of induction of anaesthesia by chloroform. Without exception, the heart in such cases is in a state of fibrillation. This is the essential cause of death. Fibrillation of the cardiac muscle resembles in many ways the idiomuscular contractions of voluntary muscle which were first described by Schiff. When once established, cardiac fibrillation rarely or never disappears in the hearts of grown animals. In the small hearts of rats and guines-pigs fibrillation may entirely disappear, and the animal recovers. Some observers appear to have confused the state of fibrillation, which is useless for sending blood into the arteries, with feeble cardiac beats. I believe that deaths in early chloroform narcosis are due to cardiac fibrillation as a primary cause.
New Foot-key for Gas Cylinders.
Shown by 0. MILLAURO. HAVING often experienced a good deal of difficulty in turning the stop valve of gas cylinders with the ordinary metal foot-key (the spikes of which, when new, stick into the boot, and, when worn down, fail to grip), it occurred to me that much trouble and annoyance might be saved by 'making the key a good deal larger and by covering it with rubber so as to give a good -grip to the foot. After trying several patterns, I have selected this shown as the best for simplicity and efficiency. It consists of a wooden disk, the upper, surface of which has a concavity deep enough to fit the ball of the foot. This surface is covered with rubber, so as to cause a strong grip with little pressure. To the lower surface of the disk is fitted an iron plate with a cylindrical projection, in the centre of which is a square opening large enough to fit the turning pin of the valve. The entrance of the square opening is made conical to facilitate the
